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INFORMATION NOTE  
By N. C. Brouwers, S. Bailey & K. Watts 
 
Evaluation of Conservation Approaches for Specialist 
Woodland Invertebrates 
 
SUMMARY 
 
In recent years, attention in woodland conservation has increasingly focused on 
developing Forest Habitat Networks (FHN). This strategy aims to target new woodland 
development towards linking existing woodland fragments together. The principal 
behind this concept is the understanding that increasing connectivity between habitat 
fragments will benefit dispersal and the survival of species within the landscape. 
Although the value of creating networks by linking woodland fragments has a strong 
theoretical basis, little empirical evidence is available to support the application of these 
theories in practice. In particular, our understanding of population dynamics of many 
woodland taxa is severely limited and related mechanisms (e.g. dispersal ability) are 
poorly understood. To address these issues, research was undertaken on a woodland 
invertebrate, the wood cricket (Nemobius sylvestris) on the Isle of Wight, UK. This 
species represents the group of flightless ground-dwelling invertebrates that are 
strongly associated with broadleaf woodland habitat. The results of this investigation 
indicate that the overall success of woodland conservation for woodland invertebrates 
lies in adopting a multi-scale and multi-management strategic approach. Furthermore, 
species specific modelling approaches used in conservation planning are useful only if 
a high level of detailed species and landscape information is available. The current 
initiatives focussing on restoration and re-instatement of traditional management 
activities creating more open habitat within woodlands were found to be highly 
beneficial for wood cricket and other woodland species. Corridor features were found to 
facilitate movement if suitable woodland habitat conditions were provided. Creation of 
habitat corridors and networks might therefore be beneficial for woodland invertebrates 
if new plantings are given enough time to develop.   2
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INTRODUCTION 
 
Current woodland restoration programmes are increasingly looking at large scale 
restoration schemes in order to increase woodland cover and connectivity (Humphrey 
et al., 2003; Humphrey et al., 2005). The development of habitat networks has become 
a major conservation strategy in recent years, aiming at reversing the negative effects 
of habitat loss and fragmentation (Bennett, 1999, 2003; Crooks and Sanjayan, 2006). 
However, the basic assumptions underpinning such strategies are largely untested for 
species associated with woodland habitat (Bailey, 2007). Furthermore, the lack of 
information on dispersal ability of many woodland taxa (Dolman and Fuller, 2003) 
makes modelling tools used in conservation planning (e.g. Watts et al., 2005; Eycott et 
al., 2007; Watts et al., 2007), and relevant theories describing spatial population 
dynamics potentially inadequate for explaining species presence and persistence 
within wooded landscapes without relevant autecolgical information. For many 
woodland invertebrate species, local scale processes are potentially more important in 
terms of species persistence, especially for those species showing high dependence 
on woodland habitat conditions and those that have limited dispersal ability. The 
applicability of these large-scale concepts and principles in conservation for woodland-
associated invertebrates therefore needed to be evaluated. 
 
To address this gap in knowledge, research was undertaken on a woodland 
invertebrate, the wood cricket (Nemobius sylvestris) on the Isle of Wight, UK. The Isle 
of Wight was selected as study site because it was one of eight key areas in the UK 
that have been the focus of special conservation efforts regarding woodland creation 
targeted under the ‘JIGSAW’ scheme (Forestry Commission, 2005), and has since 
been the focus of ongoing conservation management involving woodland habitat 
restoration and expansion (Forestry Commission, 2006, 2007). A number of woodland 
areas scattered over the island, lying within a predominantly agricultural matrix, were 
specifically targeted for reforestation activities in order to increase connectivity between 
woodland fragments (Quine and Watts, 2009). This provided an opportunity to examine 
the potential impacts of developing a woodland habitat network on the distribution of an 
individual species. Wood cricket was selected for study as it is a species of national 
conservation concern (NBN Gateway, 2007) that might be expected to benefit from the 
development of a woodland habitat network (Bailey, 2007), given its association with 
woodland and relatively limited dispersal ability.  
   4
Wood cricket populations are restricted to the South of England and can be found at 
three main locations, the New Forest (Hampshire), South Devon and on the Isle of 
Wight (NBN Gateway, 2007). It is a small (~ 1 cm) flightless cricket species (Figure 1) 
that has a semi-voltine (two-year) life cycle in the UK. Eggs are laid by adults in autumn 
and hatch the following year in June/July. Juveniles (i.e. nymphs) develop throughout 
the summer and autumn by means of moulting. Moulting ceases completely in 
September and nymphs will then overwinter. The second year, nymphs continue to 
develop from April onwards until they reach sexual maturity (i.e. become adults) in 
July/August and are reproductively active through to September/October until they die 
(from Gabbutt, 1959; Brown, 1978). The species is strongly associated with deciduous 
woodland (e.g. oak (Quercus spp.)) and is typically found in relatively open areas such 
as clearings and in edge habitat along woodland tracks, footpaths, railway lines and 
woodland peripheries (Richards, 1952; Morvan and Campan, 1976). The insects live 
on the ground and prefer a well-developed leaf litter layer, which serves as shelter, 
food, and breeding ground (Richards, 1952; Gabbutt, 1959; Brown, 1978). From the 
onset of this study, it was unknown at what spatial scales wood cricket would operate 
and what processes would be important in terms of their colonisation success. 
Identifying what the appropriate scale should be for the conservation of wood cricket 
and related invertebrates was therefore one of the key issues that needed to be 
addressed in this research project. 
 
Figure 1  
Adult female (Body size: 11 mm)     Adult male (Body size: 9 mm) 
 
      
 
This information note focuses on assessing whether current woodland and landscape 
management initiatives and policy will benefit the conservation of wood cricket and 
similar woodland invertebrate species. The objectives that will be addressed are: (1) to 
determine the appropriate scale for conservation directed at wood cricket and   5
associated invertebrate species, (2) to evaluate the potential gain of creating forest 
habitat networks for wood cricket and associated species, and (3) to evaluate the 
usefulness of spatial modelling tools that are currently being used in conservation 
planning. Furthermore, this information note will recommend future directions for 
conservation management. 
 
METHODS 
 
A three-year research project was undertaken examining the key processes influencing 
dispersal and colonisation of wood cricket aiming to better inform conservation 
management for woodland-associated invertebrate species. Detailed studies on wood 
cricket examining the factors influencing its distribution across a range of scales and its 
dispersal ability through different habitats outside and within woodlands have never 
been conducted previously. In fact, such an integrated assessment of factors affecting 
movement has rarely been undertaken with any woodland invertebrate species.  
 
To provide a wider context for this study, a systematic review of the literature was 
conducted with the aim to identify similarities between wood cricket and other 
woodland-associated species focussing on their habitat specialism and related 
dispersal ability. Furthermore, a program of fieldwork was performed in and around the 
woodland fragments on the Isle of Wight using a multi-scales approach focussing on 
wood cricket (N. sylvestris). At the outset of the investigation, the available information 
of wood cricket presence on the Isle of Wight was scattered and largely outdated (NBN 
Gateway, 2007). Therefore, a survey was carried out in the summer of 2005 to 
determine the landscape-scale distribution of wood cricket focusing on the broadleaf 
dominated woodland fragments on the Isle of Wight.  
 
After establishing presence and absence at the landscape scale, a study was 
conducted in 2006 focusing on three separate woodland fragments aimed at analysing 
the factors influencing their distribution at fine scales within woodlands. Finally, in 2007, 
a series of experiments were undertaken to examine the dispersal ability and role of 
specific factors influencing movement and dispersal of wood cricket within features 
represented by a wooded ‘network’ landscape. The overall rationale behind the 
research described here was to examine processes and factors influencing dispersal 
ability of wood cricket across a range of different spatial and temporal scales, informed 
by observations made in the field.    6
 
The data that was gathered between 2005 and 2007 was further used to evaluate 
functional connectivity between habitat patches for wood crickets and related species 
(see Textbox 1) on the Isle of Wight using a modelling approach. Three different 
modelling approaches were used to test their accuracy in terms of predicting habitat 
connectivity between woodlands for this group of species. A simple Euclidean buffer 
and a least-cost approach were used to predict functional habitat networks within the 
landscape. The least-cost network tool that was used was developed by Forest 
Research under the banner of Biological and Environmental Evaluation Tools for 
Landscape Ecology (BEETLE) (for more details see Watts et al., 2005; Eycott et al., 
2007; Watts et al., 2007). Differences between the approaches used, were evaluated 
using presence/absence data of wood cricket gathered in the landscape scale survey.  
 
In Textbox 1 
Functional connectivity is a measure of landscape connectivity based on autecolgical 
processes such as movement of particular species between habitat patches. This is 
opposed to structural connectivity, which is based on measures of physical distance 
and proximity between habitat patches within the landscape. 
 
RESULTS 
 
Review 
 
The review revealed that wood cricket is a species that represents the group of 
flightless ground-dwelling invertebrate species with a strong dependency on woodland 
habitat conditions (e.g. many carabid beetles). Compared to woodland generalist 
species, the mean dispersal rate for wood cricket (2.9 m day
-1) was found to be similar 
with this particular group of woodland-associated invertebrates (11.0 m day
-1 vs. 2.9 m 
day
-1, respectively).   
 
Landscape scale survey 
 
The landscape-scale survey indicated that wood cricket was found predominantly in 
large woodland fragments situated in close proximity to each other, with ancient 
woodland characteristics and with a high amount of edge habitat. The current pattern of 
distribution of wood cricket suggests that most woodland fragments in the agricultural   7
matrix are effectively isolated from each other (Figure 2). This indicates that within 
highly fragmented landscapes, conservation initiatives that are focused on maintaining 
suitable habitat within woodlands is highly important to ensure the persistence of this 
type of species. 
 
Figure 2  
Distribution of wood cricket (Nemobius sylvestris) on the Isle of Wight as determined by the 
landscape scale survey. The black patches represent woodlands where wood cricket was found. 
The grey and black patches together represent all the surveyed woodlands. The white, grey and 
black patches together represent all the woodlands on the island.  
 
 
 
Woodland scale survey 
 
The investigation within woodlands indicated that areas with permanent low cover of 
ground vegetation, low canopy closure and high availability of leaf litter were the 
preferred habitat for wood cricket. Permanent edges like ride and (railway) track edges, 
woodland peripheries and open areas created and maintained by management 
activities were found to be the main habitat locations where wood cricket was found 
(Figure 3). In earlier investigations, these features equally were found to be favourable   8
for a wide range of woodland-associated invertebrates and therefore highly important 
for maintaining woodland invertebrate diversity (Bratton and Andrews, 1991; 
Greatorex-Davies et al., 1994). Additionally, for wood cricket, the woodland rides and 
tracks were not only important as habitat locations but also seemed to function as 
conduits facilitating their spread within woodlands. Within woodland management, 
focusing on maintaining suitable habitat is therefore highly beneficial for the 
persistence of wood cricket and similar invertebrate species. 
 
Figure 3  
Wood cricket habitat (Briddlesford, Isle of Wight). The edge habitat along these linear features 
are preferred. 
 
            
 
Dispersal ability 
 
Dispersal ability for wood cricket was found to be limited, as typically found for flightless 
invertebrates. Few individuals within wood cricket populations were found to disperse 
(Figure 4). When released within favourable woodland habitat, less than 10% of the 
population dispersed more than 10 m from the initial point of release (Figure 4). Wood 
cricket males was found able to disperse up to 55 m into non-woodland (i.e. grassland) 
habitat. Similar maximum dispersal distances of 60 meters were found in previous 
studies within woodland habitat (Morvan and Campan, 1976). This indicates that their 
lifetime dispersal distance is unlikely to exceed more than 60 meters. Furthermore,   9
fenced woodland edges characterised by a continuous stretch of mature deciduous 
trees bordering grazed grassland were found to be used for dispersal by wood cricket, 
but not edges of new immature woodland plantings. To summarise, these results 
indicate that woodland corridors have the potential to be functional provided that 
suitable edge habitat is available. Furthermore, creating new woodland and wooded 
corridors will increase the amount of woodland edge habitat that will likely benefit 
persistence of wood cricket and a range of additional species in the future.  
 
Figure 4  
The predicted proportion of the adult wood cricket population moving. This graph shows that 
only a small fraction of individuals within wood cricket populations will disperse, indicating that 
successful dispersal e.g. along habitat corridors will be relatively slow. 
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Habitat network planning tools 
 
The acquired knowledge on the dispersal ability combined with the observed presence 
for wood cricket (Figure 2) was used to evaluate if woodlands within predicted networks 
could accurately be identified as being occupied. The results showed a significant 
decrease in the number of predicted networks with a decrease in the amount of spatial 
and species information used (Figure 5). When adopting ‘Approach 1’ and ‘Approach 2’, 
57% and 47% of the woodlands within networks could accurately be classified as being 
occupied. The Euclidean buffer approach (Approach 3) was found to perform 
significantly less in this respect (35%), indicating that the least-cost approach is more 
useful in predicting patch occupancy and functional connectivity at the landscape scale. 
Additionally, the simulations confirmed that for wood cricket, most of the woodland   10
fragments are isolated from each other, with roads acting as the main dispersal barriers 
(Approach 1, Figure 5). This indicates that for this and similar species movements (i.e. 
dispersal) between woodlands are less likely to occur than movements within 
woodlands. Generally, this investigation highlights that the effort and time needed (in 
this case more than 3 years of fieldwork) to obtain data to generate accurate 
predictions is a major restriction on using these kind of tools effectively. Consequently, 
where data is lacking, these modelling tools should be used with caution in directing 
conservation planning. 
 
Figure 5  
Predicted habitat networks for wood cricket with a decrease of input data used (from left to right: 
Approach 1: least-cost with road barriers (n = 10), Approach 2: least-cost without road barriers 
(n = 5), Approach 3: Euclidean buffer (n = 1)). Patches with different shades of grey indicate 
separate networks. The lines indicate tarmac roads. The large black patch shown in Approach 1 
is the only network including an occupied woodland. 
Approach 1              Approach 2            Approach 3 
 
 
DISCUSSION 
 
Wood cricket population dynamics  
 
The current level of fragmentation and lack of connectivity between woodland 
fragments across the Isle of Wight suggests that for wood cricket within most areas a 
metapopulation structure (see Textbox 2) operating between woodlands is unlikely to 
exist. Like other specialised beetle species (Driscoll, 2005), the results of this study 
suggest that for wood cricket, individual woodlands function as distinct islands 
operating as more-or-less closed systems within the agricultural matrix. Extinction 
within fragments that are further away than 60 m from another populated fragment is 
therefore likely to be permanent. However, the landscape scale survey also suggests 
that in the few areas where the level of fragmentation is low, dispersal between   11
fragments is occurring. This indicates that in these specific areas a functional form of 
metapopulation dynamics between woodlands might still exist.  
 
Within occupied woodlands, a form of metapopulation dynamics between distinct 
habitat patches also seems to apply. The species was typically observed in areas of 
open habitat where clearings and coppice/thinning activities had taken place. However, 
with the absence of large herbivores on the Isle of Wight, ground vegetation 
development was observed to be very vigorous and often covered these areas within 
one or two growing seasons after management interventions had taken place 
(Brouwers, personal observation). In these cases wood cricket populations were 
observed to disappear and/or retract to more permanent open habitat locations. In this 
case a habitat-tracking metapopulation structure seems to accurately describe the 
dynamics of this species within woodlands (Harrison and Taylor, 1997). This means 
that within the boundaries of the individual woodlands, wood cricket population 
dynamics are driven by the availability of suitable habitat. Distinct habitat patches in 
this particular metapopulation structure are only temporary, where in the case of wood 
cricket they become unsuitable after ground vegetation develops. It is therefore 
important to maintain and create ‘disturbance’ habitats within woodlands in order to 
preserve wood cricket and similar invertebrate species (Warren and Key, 1991).  
 
The results of the investigation indicate that processes determining wood cricket 
presence both operate between distinct woodland fragments and within woodlands 
(see previous section). Wood cricket was also found to be present in actively managed 
woodlands that had a long history of being isolated within the agricultural matrix, 
indicating that without interactions with other populated woodlands, this species can 
persist. Conservation for wood cricket can therefore focus on efforts carried out at 
relative small spatial scales. 
 
In Textbox: 
A metapopulation consists of a group of spatially separated populations of the same 
species, living in an area including occupied and unoccupied habitat patches, which 
persist by interactions through dispersal. 
 
Conservation management directions 
 
Wood cricket is a ‘Species of Conservation Concern’ in the UK (NBN Gateway, 2007). 
On the Isle of Wight wood cricket is included in the local biodiversity action plan (Isle of   12
Wight Biodiversity Action Plan Steering Group, 2000). To maintain viable populations 
and improve habitat conditions for wood cricket and related species on the Isle of Wight 
and other locations, a number of strategies can be adopted. Landscape scale 
conservation initiatives should focus on creating habitat networks in areas that include 
clusters of woodland fragments that are in relatively close proximity to each other. 
Developing habitat networks under these circumstances can provide the necessary 
gene flow for the overall long-term persistence of the species within the fragmented 
landscape. New woodland and wooded corridor features could further prove useful as 
escape routes and habitat refuges, when habitat conditions within woodlands 
deteriorate, for instance with a decrease in management activity. There are however a 
number of reasons why the creation of habitat networks, compared to other 
management options, arguably should not receive the highest priority for the 
conservation of this and similar species. Besides the high costs involved, there is still a 
high level of uncertainty of the effectiveness of habitat corridors. It was shown that new 
corridors lacking the presence of mature trees and mature woodland characteristics 
(e.g. well developed leaf litter layer) were not used by wood cricket (and similar 
species). Therefore, until woodland features within recently created habitat networks 
had time to develop and have been tested to prove their effectiveness, conservation 
efforts for this species, particularly at this moment in time, should focus on providing 
continuous suitable habitat within woodlands. 
 
Within woodlands, conservation activities should focus on continuously providing and 
maintaining open woodland habitat. The species prefers early successional habitat 
conditions related to natural and human disturbances. Areas providing suitable edge 
habitat of only 100 m
2 are thought to already present a firm basis to sustain a viable 
wood cricket population. Current management strategies incorporating regular felling 
and restoration activities within woodlands (e.g. PAWS restoration, Forestry 
Commission, 2007) are highly beneficial in terms of creating suitable habitat conditions 
for this species. It is advised to maintain at least 30% broadleaf, preferably oak 
(Quercus spp.), tree cover within the boundaries of the woodlands to provide and 
maintain the necessary leaf litter layer to secure successful reproduction. To maintain 
connectivity between populations and provide additional habitat within woodland, open 
tracks and rides should be maintained by preventing the tree canopy to close and 
yearly mowing/removal of the vegetation along the track edges will be equally 
beneficial. Introduction of some sort of grazing regime might also be a feasible 
management option. Maintaining large areas of permanent open habitat within 
woodlands (e.g. public picnic areas and car parks) was further found to be highly   13
beneficial for the persistence of this and similar species and should therefore be 
continued.  
 
Planning tools  
 
The evaluation of the modelling tools revealed that a high level of spatial and species 
information was needed to make accurate predictions of functional habitat networks 
and patch occupancy within the landscape. Additionally, even this detailed three-year 
investigation on wood cricket could not provide all the data needed to make accurate 
predictions. Several assumptions based on expert knowledge still had to be made. For 
instance, the maximum dispersal distance for the species was based on only few 
observations made for adult males. Where successful dispersal is female dependant, it 
was assumed that females were capable to disperse equal distances, however no such 
observations were made. Therefore, the time and effort needed to provide the 
necessary data for these types of modelling approaches questions their usefulness to 
inform and direct management plans. 
 
CONCLUSION 
 
This research project was designed to evaluate the relevance of conservation 
management and policy relating to future woodland creation initiatives that focus on the 
development of habitat networks. The results indicate that the overall success of 
woodland conservation lies in adopting a multi-scale and multi-management strategic 
approach (Lindenmayer and Franklin, 2002). Initiatives to increase woodland 
connectivity by creating habitat networks that target specific areas with a relative high 
woodland cover have a good potential to benefit invertebrate species persistence. 
However, regular management activities within existing woodlands were found to be 
equally important for wood cricket and other woodland-associated invertebrates. 
Therefore, for flightless invertebrate species both strategies should be applied to 
ensure that viable populations will be maintained within the landscape. 
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